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In this paper, a new technique has been developed to enable fibre diameters to be measured in an aqueous
environment using the OFDA 2000 instrument. The existing OFDA instrument has only been used to measure
diameters of animal fibres under dry conditions. This new technique was utilised to assess the effects of pH and
temperature on the diameters of merino wool fibres in aqueous environments. Significant changes in fibre diameter
under aqueous conditions were found as a function of pH and temperature. Wool fibre diameters were at a minimum
close to the wool isoelectric point (pH 4.8) and increased at both lower and higher pHs. Swelling of merino wool
fibres was observed to increase linearly by around 15% as the temperature rose from ambient to 70
 
°
 
C.
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Introduction
 
Measurements of fibre diameters are normally carried
out on conditioned samples. This is particularly impor-
tant for certification purposes with moisture-absorbing
fibres such as wool and cotton. Fibres are invariably
equilibrated under standard conditions (20 
 
±
 
 2
 
°
 
C and 65
 
±
 
 2% relative humidity [RH]) before measurement. All
commercial fibre diameter measurement instruments
are specifically designed for measurement of condi-
tioned fibre samples.
In the last decade, however, Sirolan Laserscan
(CSIRO) and optical-based fibre diameter analyser
(OFDA; BSC Electronics) were developed, and these
are rapidly replacing the more traditional fibre diameter
measurement methods. Measurements using Laserscan
are carried out in a mixture of isopropyl alcohol and
water, which is claimed to be a non-swelling medium at
least for the short duration of the measurements (Lynch
& Michie, 1976). OFDA measurements are carried out
in air. It is known that the diameters of wool fibres are
sensitive to environment factors such as RH, pH and
temperature (Shaw, 1978). With commercial measure-
ments, control and regain of temperature is always
specified.
Until relatively recently, all work on fibre diameter
measurements in solution has been carried out using
direct observation under a microscope or by using indi-
rect gravimetric methods (Elod & Schmitt, 1940).
Measurement of fibres in aqueous solutions using a
microscope is laborious and time-consuming. In this
work, a wet cell for use with the OFDA 2000 was devel-
oped in the expectation that it might be possible to
enable fibre diameter measurements to be made in
aqueous solutions. Rapid measurement of large
numbers of fibres in a single sample had the potential to
produce more accurate results than could be previously
obtained by manual methods.
In industrial finishing processes, wool is frequently
treated in hot water or acid solutions and fundamental
knowledge of fibre swelling in these situations can
contribute to understanding the outcomes of these
processes. In this work, it is demonstrated that the
OFDA 2000 can be used to measure changes in wool
fibre diameter in aqueous solutions with a range of pH
values and temperatures using the wet cell developed
for this purpose.
 
Experimental
 
Cell construction and sample preparation
 
A cell (shown in Figure 1) for measurement of fibres in
aqueous solution was constructed from two sheets of
glass 2-mm thick (184 mm 
 
×
 
 187 mm) separated by a
1.5-mm gasket of heat-resistant silicone rubber. The use
of silicone rubber allowed the cell to be heated in an
oven. The gasket was stuck to the lower glass sheet with
silicone adhesive and the top sheet of glass was held in
place with adhesive tape. The tape could be easily
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removed so that loose fibre and solution could be placed
in the cell.
 
Figure 1. A picture of the cell, constructed from two sheets of glass separated by a gasket of silicone rubber.
 
Samples of fibre staples extracted from tops were
placed into the cell between the two glass plates. Twee-
zers were used to tease the fibres out to the required
density for measurement in the cell. As the OFDA 2000
uses an image analysis system to identify and measure
individual fibres in each of the samples, it is essential
that each sample is sufficiently open or teased to allow
a large number of individual fibres to be measured. Dry
fibre specimens were measured inside the cell with the
top glass sheet in place. For wet measurements, solu-
tions were first placed in the cell and then the fibre
specimens were immersed in the solution and the fibres
teased out. Then, the top glass sheet was put in place.
During this procedure, any bubbles introduced inside
the cell were carefully removed. Fibres were soaked in
the solutions contained in the cell for at least 2 hrs
before measurement. For wool samples in particular,
previous literature (Watt, 1965) has shown that at room
temperature, swelling of wool fibres takes around 20
min to reach equilibrium. Two hours was assumed to
have been more than sufficient for fibres to reach their
maximum diameters.
 
Measurement methodology
 
Preliminary calibration of the machine was carried out
according to the standard operating procedure using the
four graticule wires provided (Johnston & Manning,
2002), and a grease correction factor was not used.
The cell was mounted on the cell carrier of the
OFDA 2000 instrument (Figure 2) and held in place
with an adhesive tape. The scanning behaviour of the
instrument is controlled by software and the parameters
of the instrument were modified to ensure that fibres
were measured throughout the whole area of the cell
and that the focus was adjusted to capture the fibre
images in a plane midway between the two glass plates.
 
Figure 2. The OFDA machine with the liquid cell in the measurement position.
 
Measurements were carried out with the whole plate
scanned a number of times, and a minimum of 8000
fibres were measured in each test. The mean diameter of
the sample was then calculated, together with the
standard deviation of each of the mean values.
For measurement of fibre swelling at temperatures
above ambient, the cell containing wool and buffer
solution was heated in an oven to the desired tempera-
ture and equilibrated for at least 2 hrs before measure-
ment. The temperature in the cell was measured using a
thermocouple.
 
The correction factor
 
The linear correction factor which permitted compari-
son of measurements made in air and in water in the cell
was obtained by measuring the diameter of a polypro-
pylene filament of 26.1 
 
µ
 
m average diameter (which is
not swollen by water) in both air and water. This correc-
tion factor was found to be necessary because of the
difference in refractive index between air and water.
The fibre edge detection algorithm used in the software
of the OFDA instrument presumably was affected by
subtle differences in contrast within the scanned image
of the assembly of fibres mounted in air and water.
 
Wool fibre samples
 
Undyed wool fibre samples from Merino and
Corriedale sheep were measured as a function of pH.
The samples were obtained as locks from single
animals. The fibre samples were first cleaned by wash-
ing twice with Hydrapol TN450 (1g/l) and sodium
carbonate (0.5 g/l) at 60
 
°
 
C for 10 min and afterwards
rinsed well with warm water, dried and conditioned at
20 
 
±
 
 2
 
°
 
C and 65 
 
±
 
 2% RH.
Merino top was used in the experiments measuring
temperature-induced fibre diameter changes. The
Figure 1. A picture of the cell, constructed from two sheets
of glass separated by a gasket of silicone rubber. Figure 2. The OFDA machine with the liquid cell in the
measurement position.
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average diameter of the fibres was 21.0 
 
µ
 
m at 20 
 
±
 
 2
 
°
 
C
and 65 
 
±
 
 2% RH.
 
Drying and conditioning of fibre samples
 
Fibre samples were placed in an oven at 105
 
°
 
C for
60 min in an open cell. The cells were then closed,
removed from the oven and the fibre diameters were
measured.
Fibre samples were placed in a conditioned room at
20 
 
±
 
 2
 
°
 
C and 65 
 
±
 
 2% RH for 24 hrs before measure-
ment of the diameters.
 
Buffer solutions for measuring pH-induced 
fibre swelling
 
Four different pH values were chosen for the experi-
ments. Recipes for the buffer solutions were as follows:
pH 2.1 buffer solution was obtained by mixing 0.06M
sodium di-hydrogen phosphate and 0.06M phosphoric
acid, pH 4.8 buffer solution was obtained by mixing
0.4M acetic acid and 0.4M sodium acetate, pH 7.2
buffer solution was obtained by mixing 0.1M sodium
di-hydrogen phosphate and 0.1M di-sodium hydrogen
phosphate and pH 10 buffer solution was obtained by
mixing 0.1M di-sodium carbonate and 0.1M sodium
hydrogen carbonate. The ionic strength of each buffer
was 1M.
 
Buffer solutions for measuring temperature-induced 
fibre swelling (heating bath)
 
Experiments were carried out in buffer solution at pH
2.1, obtained by mixing 0.2M sodium di-hydrogen
phosphate and 0.2M phosphoric acid. The pH of the
deionised water used was 6.8.
 
Results and discussion
 
The correction factor for measuring fibres in aqueous 
solutions rather than in air
 
In order to determine the correction factor, polypropy-
lene (PP) fibres were measured in both air and
aqueous solutions in the cell. The diameter of the PP
fibres in air was 29.2 
 
±
 
 0.1 
 
µ
 
m and in aqueous solu-
tion was 26.1 
 
±
 
 0.1 
 
µ
 
m; therefore, measurements
made in aqueous solutions were multiplied by a factor
of 1.12 to make them comparable with measurements
made in air.
 
Changes in fibre diameter with pH in water
 
The measured mean diameters of samples of wool fibre
treated under different conditions are shown in Figure 3.
It can be seen that the mean diameters of both merino
and Corriedale fibre diameters varied with the changes
in the pH value of the buffer solution. In each case, the
swelling was at a minimum close to the wool isoelectric
point at pH 4.8 and increased at lower and higher pH
values. The variation in fibre swelling with pH can be
understood in terms of the changes in ionic attraction
and repulsion between the amphoteric wool protein
chains (Li, 2007).
 
Figure 3. Variation in wool fibre diameter as a function of pH.
 
The corresponding calculated values of percentage
radial fibre swelling in aqueous solutions at various
pHs, relative to the mean dry fibre diameters, are shown
in Table 1. It can be seen that at 25
 
°
 
C, the results for
radial swelling for both types of sheep fibres are in
general agreement, within experimental error, with
those calculated from the percentage increase in volume
Figure 3. Variation in wool fibre diameter as a function of
pH.
 
Table 1. Radial swelling of wool fibres in buffer solution, relative to the dry diameter of scoured wool.
Radial fibre swelling (%)
Measurement 
conditions Merino Corriedale
Calculated from Elod 
and Schmitt (1940)
In buffer at pH 2.1 24.4 
 
±
 
 0.1 22.3 
 
±
 
 0.1 20.5
In buffer at pH 4.8 20.0 
 
±
 
 0.1 17.5 
 
±
 
 0.1 18.3
In buffer at pH 7.2 18.7 
 
±
 
 0.1 18.4 
 
±
 
 0.1 19.0
In buffer at pH 10 20.9 
 
±
 
 0.1 20.7 
 
±
 
 0.1 20.9
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measured using the indirect gravimetric method of Elod
and Schmitt (1940), except at pH 2.1. The results
obtained in this work are likely to be more accurate
because the measurement method was more direct and
the ionic strength was kept constant in all
measurements.
 
The effect of temperature on fibre swelling in water
 
A buffer solution of pH 2.1 was chosen in the
measurement to avoid permanent setting being intro-
duced into the fibres during heating (Køpke, 1970).
Figure 4 shows approximately linear changes in aver-
age wool fibre diameter as a function of temperature. It
can also be seen that the mean diameters increased by
around 15% as the temperature rose from ambient to
70
 
°
 
C.
 
Figure 4. The variation in mean diameter of Merino fibres with temperature in an aqueous solution at pH 2.1.
 
Table 2 shows the measured diameters and calcu-
lated values of percentage fibre swelling in both air
and water. It can be seen that the percentage value for
fibre radial swelling at pH 2.1 relative to the dry state
is greater than the value of 16% which is usually
reported in water (Warburton, 1947). It may be
assumed that swelling in water has been measured at
about pH 7 when the polypeptide chains bear a weak
negative charge. However at pH 2.1, keratin assumes a
high net positive charge and the consequent repulsion
between the polypeptide chains is apparently responsi-
ble for the increased fibre swelling. These results are
consistent with early findings (Abbott, Temin, & Park,
1968).
 
Conclusions
 
A new technique using an OFDA 2000 fibre diameter
analyser has been introduced to allow fibre diameter to
be measured in an aqueous solution. The diameters of
wool fibres (merino and Corriedale) were measured at
various pHs and temperatures in water. It was found
that the mean fibre diameters passed through minima
close to the isoelectric point of wool at pH 4.8 and
increased at both lower and higher pHs. Swelling of
merino wool fibres as a function of temperature was
found to increase linearly with increasing temperature
under saturated conditions. Fibre mean diameters
increased by around 15% as the temperature rose from
ambient to 70
 
°
 
C. The results obtained in this study are
in general agreement with the findings from previous
research where traditional or indirect measurement
methods were applied.
The new technique is expected to be able to provide
a quick and accurate measurement to a wide range of
fibres in different aqueous solutions.
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